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S1. Numerical Simulations
. Atomic percents of species in the hematite samples as calculated from XPS measurements Figure S1 . Schematic of COMSOL model Figure Figure S10 . SI-SECM with delay times Figure S11 . Cyclic voltammetry of carbon microelectrode Figure S12 . Approach curve of carbon microelectrode Figure S13 . Calibration of platinum microelectrode response to hydrogen peroxide S2 S1 Numerical Simulations Numerical simulation of the combined diffusion and kinetic behaviors relies on three key assumptions, as described in an earlier publication describing our simulations framework. 1 First, we assume that all chemical transport in the mediator solution is due to diffusion described by Fick's first and second laws, as shown in Figure S.1. Second, we assume that the adsorbed species is immobile and that lateral charge transfer is insignificant. Third, we assume the rate constants k si1 and k si2 for the bimolecular reactions of the first and second adsorbed species, respectively, with the mediator is assumed to be constant regardless of surface coverage. Figure 2 shows a schematic of the geometry used for the simulations of SI-SECM. Using the Transport of Dilute Species Module (TDSM), the COMSOL model employed Fick's First and Second laws to simulate diffusion in the domains corresponding to the solution phase, represented as yellow areas in Fig. 2 . Type 1 boundaries are the insulating glass sheath of the electrode, where the No Flux condition was used. The Type 2 boundary uses a Flux boundary condition that mimics fast Butler-Volmer kinetics i= k f * c R -k b * c O with an effectively high k f such that it always operates at mass transfer limited conditions. The diffusion coefficient of O and R was made equal, such that stoichiometry between O and R is maintained at all points in the solution space. At Type 3 boundaries, the Surface Reactions Module (SRM) is used to define a surface containing the adsorbed species I (ads) . The bimolecular reaction of I (ads)j with O is modeled as a Reaction in the SRM and an Inward Flux in the TDSM, each with the equation N O =-N R =-R A,j =k si,j *c R *Γ A , where subscript j indicates the assigned number of the adsorbed species. Sections S1, S2, and S3 were defined as the substrate areas below the UME, the glass sheath of the tip, and open solution, respectively, as these distinctions facilitate later discussion. To meet the semi-infinite diffusion conditions of the electrochemical cell, Type 4 boundaries used a concentration boundary condition that set both R and O to their initial conditions.
The SI-SECM transient tip current (i tip ) was measured by integrating the diffusive flux of R to the Type 1 boundary. The simulated surface interrogation current (i si ) was calculated by subtracting i tip (Γ A = 0) from a simulated transient. The resulting titrated charge, Q si , was obtained by integrating i si with respect to time, but here, we frequently normalized by the steady-state limiting current to give I si =i si /i ss . Q si was normalized by the charge present on the area of the tip projected onto the substrate, Q proj , i.e. the charge corresponding to a substrate of the same size of the tip micro-disk with radius a. This was done to demonstrate impact of diffusional broadening on Q si , and this is referred to as the enhancement factor (EF). Expected positive (i PF ) and negative (i NF ) feedback currents for simulated conditions were calculated using reported general solutions for feedback accurate to approximately 1% across a wide range of conditions. 2 
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